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ABSTRACT

A 1.27 cm diameter two phase gu-UCluid flow expcdmem
has been developed with the NASA Lewis Research Center to
study two-phase flows in microi_avity. The experiment allows
for the measurement of void fraction, pressure drop, film
thickness and bubble and wave velocities u well u for high
speed photography. Three liquids were used to study the effects
of liquid viscosity and surface tension, and flow patunm maps
are presented for each. The experimental results axe used to

develop mechanistically based models to predict void
bubble velocity, pcess'ttre drop and flow pattern transitions in
microgravity.

INTRODUCTION

Two phase gu-llquid flows Ire expected to occur in a wide
varietyof furore space oper_ons including [1]:

Design and operation of the space station thm'msl manageme_
system

Storage and mmsfer of cTyog_c fluids

Conuol of two phase power cycles

Safety and performame issues concerning space nuclear power
systems

With the lack of buoyancy in the micro|rarity
envixonment, two phue gu-liquid flows are expected to
behave differently from those in earth gravity. In order to
reliably design two phase equipment for the microgravity
environment, models axe needed to predict quantities such M
flow pattern Iransitions, pressure drop and void fraction.
Physically based models will have the widest range of
applicability but experimenlA! data win be needed to develop
and veriC7 these models.

EXPERIMENTAL APPARATUS

A micro_ravity two phase flow experiment hu been
developed in conjunction with the NASA Lewis Research
Center (LeRC). 'lids experiment is flown in the LeRC Lesrjet
in parabolic uajectodes to produce periods of microgravity (0
+ 0.02 g) lasting up to 20 seconds. During this period, two
phase mixtures are introduced into an insU'umented test

section. The system is controlled by a computer which also
provides for data acquisition and storage.

The flow loop used on board the aircraft is shown in Figure
1. This system provides metered qmmfities of air and liquid to

the mixer. Air is fed axially into a 1.27 cm I]3 mixing section
while liquid is _ into the sides of the mbc through a
series of small holes. The resulting two phase mixture flows
into a 1.27 cm ID development section which provides 86 pipe
diameu_ of flow development length. The two phase mixture
the= enters the test section. The mixture from the test section
passes through several Isyers of screens in a coUe¢tion tank.
Surface umsion _ the lkluld for la_ fume wldle the gas

passesthrough und_ a pressuredrivinsforce.

The test section usod in the experiments is shown in Figure
2. The section allows for simultaneous measurement of liquid

film thickness, void fxacdon and pressure drop,allat I000
whne also allowing for high speed photography of the flow.
Film thicknm ud void fxacdon are measured usln l parallel
wire _lu,.-tance probes. The void faction probe consists of
two 0.076 L_m diamet_ Pt-Rh w/res spaced 2.5 mm apart and
spanning the cross section of the tube. The film thickness
probe is iden_Cel to the void huction probe except that ludf of "

the Imsth of each wire is insulated with a thin coating of spray
rubbes so that the film th/ckness is measured on only one side
of the robe. The velocity of bubbles, slugs or waves can be
determined by cross correlating the signals from the two

probes positioned alons the axis. These probes are operated
by a high speed onnductance measurement system developed at
the University of Houston which outputs a voltage
proportionelto the conductance between the wkes. The
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conductance is related to the local thickness of the fluid. The

probes are calibrated to relate the output voltage to film
thickness or void fraction. Conductivity of the liquid is
measured continuously during a run using a standard cell so that

changes in the specific conductance of the fluid or the fluid
temperature do not dfect the results. The typical response time
for the probes to a step change is less than 500 p.s.

Pressure drop is measured using two Druck PDRC 820 flush
mounted pressure transducers which m_ spaced 0.5 m =pert in
the test section. These fit into liquid filled cavities which are
connected to the test section through a small channel Prior to

the experiment, the taps are purged with the stone liquid used in

the experiment to remove air bubbles fi_xn the taps. The purge
is turned off during the experimant and observations have
shown that the taps remain _ of bubbles during the reduced
gravity runs. The resulting pressure signals are electronically

sub.acted to provide differential pressure. The accuracy of the
transducers is bauer than 1%.

To visualize the flow patterns, the flow is photographed at
400 frame/sec using a high speed movie camera. The viewing
section of the tube is surrounded by a water fdled box which
reduces refraction effects at the pkxlglass-ak interface. The

viewing box is backlit to provide sharp contrast between the
air and liquid.

Three liquids were used to test the effect of physical

properties: water _tLffi 1.0 cP, oc= 72 dyne/era), 50-50 wt%
water-glycerine _C = 6.0 cP, OLffi 63 dyn_em) gad water with
0.5 wt% Dupont Zonyl FSP Fluorosurfacumt _ ffi 1.0 cP, ol, =

20 dyne/crn). These liquids were made conductive for the film
thickness and void fraction measmemonts by the add/t/on of •

small amount of NaCI.

FLOW PATTERN MAPS
For any one pipe size, two phase flows distribute

themselves into several distinct flow patterns depending

prinm_y on the liquid and gas fiowrat_ in the system ,_i the
fluid properties. Determining the namm of these flow
u well as their Ioc•t/ons across the parameter space is

important because models which In specific to • single flow

pattern are usually more successful than global models
spanning the entire space.

Ova thecourse of severalyears,the amlma have pafonnod

a l_genumberof microgravityexpais=_ ovor• largerange
of the liquid and gu flowrale pmtate_ spm_ with the
liquids described above. As shown in Fggm 3, three distinct
flow patterm have been observed in microgravity [2]. The

bubbly flow pattern is charactaiz_ by gag bubbles dis='ibut_
in a continuous liquid phase. In slug flow, most of the gas is

found in bullet shaped Taylor bubbles which alta-nstz with

bubbly liquid slugs. Annul& flow consists of • wavy liquid
f'tim on the robe wall _Lmding a core of gas. In addition,
u'ansitional states betwean bubbly md dug flow and slug and
mmultr flow have been observed. Plows ;1, trm_itlon exhibit

futures of both of the adjacent flow lmmrm.
Flow pattern identification was accomplished both using

film thickness trices and tim movie films. Flows wm'e
considered to be bubbly wh_ the gas bobbi_ had a length less
than the dimeter of the mbo. At the bubble-slug amsit/o_

small Taylor bubbles were present along with masses of
smaller bubbles. Slug flows were identified from film
thickness traces which clearly resolve the Taylor bubbles md

BUBBU_ FLOW

_/ m._m.ow _TAW..Oa|mItZ

AIOn_ / AI_II_J_ FLOW _ GAS

'COl_

FIGURE 3
FLOW PATr'ERNS OBSERVED IN MICROGRAVITY

liquid slugs. Rows were considered to be mmular when the
waves on the liquid film did not bridge the pipe as detmninzd
by fdm thickness and photography. The region of slug-
mmuisr remit/on is m_ in which mmuisr waves briefly bddge

the pipe to form liquid =lugs then unbridge again. Since the
waves trsvei at velocities greater than 1 m/s and the bridging
events m shortlived,identifyingthe slug-mmular tnnsition

region is _t.
The idan_z=ionoftheflowpam_ asa functionofliquid

andgas_ veloc_isshownforeachliquidinFigures
4, $ and 6, h can bo seen thatthereisa shi_ in thz Iocatlonof

the bobble-slug ermsitionbetweea the water md water-Zonyl
FSP _ and • shift in the slug-mmui& tnnsifion between the

wmr and w.=-glyeer_ maps.

VOID FRACTION

The analym by Zubor and Fmd_y [3] dmo_m_ that the
radialdistributionof the void fractionand velocities in two

plum flows m not, in ganm_ uniform, yet the meuurenm_
takan usually represents ms average over the cross szct/on
rather th= a local value. This can be accounted for if the

models are developed using ares sect/onsl average quantifies
as-
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FIGURE 6
MICROGRAVITY FLOW PATTERN MAP FOR 1.27 CM ID TUBE, AIFFWATER/ZONYI.

<F> = A_-I FdA
(i)

where F is any local quantity varying with radial positionand
A is the cross sec_a] area of the test section.

The average superficial velocities of gas and liquid c_ be
related m the average velocity and void fi,aclion, <¢_, by:.

Um= <o><Uo> (2)

Uu = (I-<->)<UL> O)

while the total is defined as:

U_= Um+Uu (4)

U_ is the local volumeulc flux of liquid plus gas at any
position while Um is the cross secdonal avor_e. This is of
come the sum of the supe_ciel velocilies.

From • mass b_/ance, the avorage gu velocity can be
expressedu:

<_>. <_u.> +<_vo> (5)
<C[> <O.>

where <Vo> is the average net drift velocity of the gu with

respectto <U_/>. This driftshould not be presentin
micmgravity due to thelackof buoyancy between theliquid
and gas.Observationsofthemovie filmsofbubbleand slug
flows confirm thatthe driftvelocityisnegligiblein the
microgravity experiments and the second term in (5) can be
neglected.
To accountfornon-uniformdis_butionofthevoidfraction

over the cross sectional _ Zuber and F_ndlay [3] define the
d_u_but/on oo_cie_._ C. as:

C. = <ate> (6)
<a>U_

Equation (6) and/cares that for • uniform distribution of
voids and velocity. C. = I. Zuber and Fmd]ay [3] show that ff
the concenmu/on of voids is sreau_ at the cenu=I/ne than at
the wall, Co > I, _'_ a value of I.$ for a p_)olic
d/s_ibu,;on of void fn_on and veloc/ty.

By combin/n_ (2). (5) and (6), dw relation between void
fraction md superficial velocities is obtained:

Um = C.<a> (7)
U_

To test the validity of (7). the left hand side il plotted
against the time average of the meastued void f_cdon for each
fluid in Figures 7. 8 and 9. This is poss_le because the void
fr,_on meamun_dby u'_ two wire conductance probe is a moss
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RELATION BETWEEN VOID FRACTION AND SUPERFICIAL VELOCITIES

FOR 1.27 CM ID TUBE, AIR-WATER/ZONYL FSP

sectionalaverage quantity,As shown, the plotsare linearwith

an interceptof 0 ± 0.03 forallthreeliquids.The zero inttacq_

con£trms the assumption of = negligible driftvelocity.The
distribution coefficicm determ_ed from the slope of each

curve fitis Co= 1.25for water,Co = 1.28 for water/glycerine

and Co = 1.24 for water/Zonyl FSP, which indictte_thatthe
concentration of voids is greamr at the ce=lterline than at the
wall since C o> 1. This is qualiutfively confianed by the movie
films as weli.

The difference between the measured void fraction and that

predicted by ('7) was computed for each fluid. Since the slug
runs in Figures 7 and 8 show more scatter than the bubble flow
runs, the error was also computed for the individual flow
panems. The =for in prediction for each is _ in Ttble 1.
On average, equation (7) predicted the nmamn-ed void fraction
to within 5%.

A model for predicting <Uo>, the cross sectional average

velocity of the bubbles in bubble and slug flow, is obtained by

combining (2) and (7) to yield:

<Uo> = Co (s)
U_

Experimental values of <Uo > were obtained Erom cross
correlation of the void fraction and film thickness traces mid

used to test equation (8). The results are plotted in Figures 10,
11 and 12 for each of the three liquids. The values of Co
obtained from the slopes in these figures are 1.35, 1.47 and

1.31 for water, water/glycerine and waterfZonyl FSP
respectively. The discrepancy between these values of C, =rid

those computed =ins equation (7) is anributed to experimental
error in the de--on of <Uo>. The error in detennini_
the time is_ used to compute the velocity is estimated at 13%
for <Uo> = 1.5 m/s due to limitations in the resolution of the
cross correlation.

TABLE 1.
ERROR IN VOID FRACTION PREDICTED BY (7)

LIQUID FLOW MEAN STD.
PATTERN DEV. DEV.

Wlle¢ Bubble 0.017 0.012

Slug 0.009 0.048
All 0.012 0.042

Wau_ly. Bubble -0.011 0.010

Slug -0.007 0.050
All -0.003 0.042

Ws:zrFZonyl Bubble 0.010 0.046
Slug 0.012 0.042
All 0.014 0.038
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The overt]] result of this analyds is that once a value of Co
is established, Equation (7) providm u model for wedi_ng the
average void h'action f3'om superficial velocities. Equation (8)
provides a model for predicting the velocity of bubbles and
slugs from super_cial velocities. Furthermore, the value of C o
gives insight into the nature of the radial distribution of the
voids.

PRESSURE DROP

_lubble Flow

Because bubble flow can be _ved as a homogeneous
mixvae of liquid and gas, • _e •pprmch to model_ the
pressure drop would be to use the Fanning equation using the
mixture velocity and density. The pressure drop for bubble
flow would be expressed as:

_.= 2 f_.pM um 2 (9)
dx D

where Um is given by (4), f_ is the two plumefriction factor.
D is the test section diameter, and the mixture density PM is

defined in ton'_ of the liquid end gas demifieL p_ and Po, by:.

pu= <a>po+(l-<a>)_ (10)

Similarly the Reynolds number for bubbly flow is defined as

Rerp= DpuUm (11)

The viscmity of the liquid, ttt., is used rather than that of the
mixture because the wall region is euentially gu free.

For comparison, the friction factor for a perfectly smooth
tube is given by the Bluim relation:

f=--_- (t2)
Rea

with C = 16 andn- 1 for lmnintr flow andC =0.046 andn=
0.2 for uu'bulma flow.

Fri_fon factors for the mlm'ognvity bubble flow rums wm-e
computed using the time averaged differential pressure
measurements md are plotted versus Reynolds number in
Figure 13. The plot shows that bubble flow rum for the 1.27
em ID pipe lie mostly in the lmainsr-turbulent transition
tel#on,whi_ make,modeling _t.

The _gravity two phase frktion f_ton shown in Figure
13 lie 30% to 50% above the Blusius friction factor curves.

Since deviations from perfect smoothness in the testsection

such as pipe roughness, flanges etc. could cause this

9 BOUSMAN AND DUKLER
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FRICTION FACTORS FOR MICROGRAVITY BUBBLE FLOW, 1.27 CM ID TUBE

discrepancy, single phase Uqu/d flow _ we_ used m

provide a conuol. These res_cs, ploued in Figure 13, also
show a 30_ increase in kiction factor as compmred to the
Bluing reladon but show much lets seamer than the bubble

flow runs. This umds to suuest that two phase microgrsvity
friction factors can be computed from single phase
correlations if the _ density and velocity m'e used,
although more experiments are needed to verify this.

Slua  low
It is of interest to determine if tim homogm_us model

aq_liss to slug and bubble slug _ flows. These rusuhs
ere plotted with the bubble and single #use faults in Figure

14. As shown, the slug flow nlus exhibit a isrKe mtnount of
scatter about the single phase valuu. The bubble-slug
transitionruns as well u the slug flow runs locamf near the

u'ansitionon the flowmaps exhibit a distinct increase in

fxicdon factor over the other slu I flow rums which is presently
unexplxinocL

The inzexfacisl friction factor, _ cm be computed fnxn the
measured ix,essurz.Fadiem, dP/dx, and the effective diameter
for gu flow, D - 2 h, as follows: ."

2po<Uo>Zidxl
(13)

where h is the time Ivergga film thickness.

Using (2) to express the 8u velocity in terms of superficial
gas velocity and noting that the avenge void fraction in

mmular flow is related to the ava'age film thickness by:.

_s

<a> = (1-D _L) (14)

leils to:

2poUm k_

The friction factor can be cut into the form of an

ealwnc, m_mt of the stnsk phaso Sis flow fricdon factor by
cllvidb_ by tho Bladus reixUon (12) far the gu _lons:

10 BOUSMAN AND DUKLER
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<_>_D
2 Po Uasz_=_=

fo (_) (16)

where Reo is the Reynoldsnumber calculated for the g.. alone
with a channel diameter corrected for the presence of the liquid
film.

The friction factor enhancement 0, calcuisted f3mm the

measured void fraction and pressure drop, is plotted agtimt
void fraction for 81] three liquids in Figure 15 for a limited
number of annular and slug-annular Iranaltion runs for which
pressm-e drop data wu available. The annular flow rums exhibit

• Lineartre_d for 0.7 < <a> < 0.85 which can be fit by

=_= 211.4 - 245.9 < a > (17)

and is shown LnFigure 15.
This simple model does not yield the correct result in the

limit of <a> = 1 where the friction factor ratio should become
unity. The friction factor enhancement appears to be only
slightly affected by the presence of the liquid film for void
fractions exceeding <a> - 0.85. A model which does behave
properly in this limit is the model proposed by Wallis [4] for
Ig annular flow fi'icdon factor:.

fi= 1 + 150(I-<a> 0.5) (18)
f_

This model is also shown in Figure 15. Clearly there is a
large discrepancy between the Wtllis model and the
experimental annular flow dam. This may be rmolved with the
additional microgravity annular flow experiments which are
now tmderway.

BUBBLE-SLUG TRANSITION MODEL

A simple mechanism for the transition f_mn bubbly to _a|
flow assumes that the tranaldon occurs when the bubble
density b sufficient for the bubbles to encoxmu= each other
and coalesce. Such • mech_ would imply that the
transition occurs at a distinct value of void fl'aetinn. The void
fraction musm_ments shown in Figures 7,8 sad 9, show that
the runs identified as being at the bubble.slu 6 Irmaiflon lie in
a range of void fractions separating the bubbly and dull flew
runs. The eransidonal runs lie in the range of 0.3 < a • 0.49

for water, 03 < <a> < 0.43 for wst_-g_ and 038 <

<a> < 0.53 for water-Zonyl FSP experiments, suggesting that
the trandtion mechanism b affected by the ¢m'facotemloa of
the liquid. The range of trausition void fl'_eti_..mM_ may
be broadened somewhat by the use of l_Otography to identify
the flow paner_ since bubble or slug flow rum exin'bifinj
avan a short period of the other flow pauem were dm/snated as
transition runs.

Another constraint on the void fraction of bubbly flow
mines from the maximum packing density of bubbles before
they must touch and coalesce. It can be shown that this upper
Limit is <a> = 0.52, independent of bubble diameter. The

maximum value of 0.53 noted for the wster-Zonyl FSP runs is

consistent with this limit within the experimental error of the
void fraction measuremenLWhile this provides an upper limit.
Figures 7 and 8 clearly show that slug flow cam exist for <a> <

0.52. This is likely due to contacts between bubble catmed by
turbulence and deformation of the bubbles.

To develop the Iransition model equation (3) is substituted
into (7) and solved for ULs:

u=. (1-c-<a>) u=
C,<a> (19)

To uS,,* this model, the void fractimt at the tearer of the

tnnsidon zone was used, yielding <a>tr = 0A0 for water, <a> v
ffi 037 for water-glycerine tnd <a> e . 0AS for water-Zonyl
FSP. The value of Co used for each liquid were those computed
from Figures 7,8 and 9 using equation (7). Subetimting these
results into (19) leads to the bubble-slug unmsition model for
each fiqui&

water:. Uu = 1.0 Um (20)

wster/glyces_e: Ucs =, I.II Um (21)

water[Zonyl FSP: Ucs = 0.792 Ues (22)

These models 8re plotted in Figures 4. $ and 6 md cle_ly
separate the bubble 8rodslug flow regions of the flowmqs. The
results suggest that the presence of the Zoayl PaP surfscumt
retards the coalescence of the bubbles, leading to bubble flow
at higher values of void frandon dum would be observed with
water alone. The difference between the water end
wator/glyeerine results ere due primarily to differences in the
dism'bction coefficient, indicating that the dlslrlbution of the
voids may also play • role in the rate at which bubbles
encounter each other md cotlesco.

SLUG-ANNULAR TRANSITION MODEL
Phomgrephic obeeawadons of flows near the trsmifion of

dug end ammlar flow indicate dut 8s the void fraction of slug
flow hu:reues, • point is reached where the liquid slugs
become short eaough to rupture. At this point the flow
bemnns ennuler. Similarly, as the void fm_ion of m emm1_
flow decrees_ the amplitude of the wave, increases until the
waves bridge the pipe. creating a liquid slug. These
ob_rvstlons suuest that the transition should occur when
slug aad annular models predict the •ame void fraction, as
suggesmd by Dukler ec ,1. (1].

A force balance on the _ flow leads to:

_=_,. <a>m (23)

where 5j and % represont the shear s_.ss at the ges-liquid
interbco end st the w_U respectivedy. These can be expmu_l
in tenm of friction facto_ by:.

•,=r,P°< u°>Z-tJ P°u_-----_2 (24)
2 2<a> 2
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y.._f Pu<UL>2==f. I_UIj 2

2 2(1-< a >)2

Substituting (24) and (25) into (23) leads to:

(25)

< a >_ . _._ CU__)_ (2_)
(t-<a>)= f,,_ Uu

force balance was chocked for srmuiar and slug-mmular
u'ansition runs as follows. The void fraction <e_, was available

from exper_nantal data. The interfac/al friction factor fl was

computed from mcas'm_ preumre drop data end <o> using (15).
The wall friction factor f. was computed from (12) using
appropriate values of C and n depending on the magnitude of
the liquid Reynolds number. Agreement was achieved to within
20% for all experiments with much better agreement attained
for the runs at the lower void fractions.

All that remains is to develop suitable expressions for the
friction factors. Assuming that the interracial friction factor
can be expressed as an enhancement of the single phase gas

friction factor which is a function of the void fraction yields:

f, =, fo (27)

and friction factors f_r the liquid and the gas flowing alone are
given by the BI .... relation (12). The eppmpriate single
phase Reynolds numUers are:

Reo = D U_ f_ (28)

rio<a> m

Rec = D Uu I_. (29)
tt_

Using the constants in the Blasius relation for turbulent gas
and liquid flow, and substituting (27), (28) and (29) into (26)
results in the annular flow relation:

Uu__Um [ (I - <a>)= ,its'u

- B<a>xa -- O0)

wh_e

c°-b
vo

The value of B b 481.5 for water and water-Zonyl FSP end
759.8 for water-glycerine.

Similarly, the relation for laminar liquid flow and turbulent
gas flow becomes:

Uu =
0.007..88 DO."v_'2 pa Uos l's (1 -< a >)2¢

p.c<a> _
(32)

To impose the void fraction matching constraint, equations

O0) or (32) are equated with the slug flow relation (19). For the
n_bulant liquid case this yields:

<a>=.L..<a>[(1-<a>)= tl _"
C. "B<a>_

(33)

For the lmninar liquid case the model becomes:

(I -C.<a> )Urn= (34)

O.OO2SS D u v_ po Um_" (I -< a >)2¢

I,LL<or >2A

The form of O initially chosen b that given by (17). For the

case of turbulent liquid, the model (33) predicts that the

transition falls _ong • line of constant void fraction. Solving
03) numerically with the values of C.detemiined from Figures
7,8 and 9 yields • transition _'oid fraction of 0.755 for water,
0.741 for water/glycerine and 0367 for water/2onyl FSP.
Substim "ung these into (19) results in:

water:. Uu = 0.060 Um (35)

water/glycerine: Uu = 0.054 Um 06)

water/Zonyl FSP: Ucs = 0.051 Um (37)

Tbe henir_rmodel(34)depeadsonboth<_> and Um or U,.
therefore thb transition will not occur _ • line of constant
void fraction. F.qusfion 04) must be solved munerically.

The locus of points satisfying the turbulent and laminar

modeb repreumt the predicted transition between slug and
mmuiar flow. Tbem me included on tbe flow nuq_ in Pigums 4,

$ and 6. As shown, the models Hporam the slug-annuiar

transition tans from the mmul& runs except at the highest
vtlues of Uu. If the Wallb model for frk_on factor (18) is
used instead of the mcperimmtal meesunmsmts, the predicted
transitions are shifted slightly i,,o the annular region of the
flow msps leading to poorer age¢.mnt bntwem the model and
the observed flow panmm.

The discrepancy betwemt the transit/on model and the
obeerved flow _ may be due to a number of reasons. At
high liquid and gu mum, flow pattern identification is difficult
m best.At thesemnditinns, the liquid b highly aerated with
the slugs and waves tnveling at high velocities making

identification eith_ by instntmenttl analysis or photography
difi'3culL The correlation for interracial _treu used in (26) may
be subject to considerable error. In addition, recent data
indicates that the use of the gtlasius equation for f_ will need re-
examination.
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It should also be noted that the prediction is very sensitive
to the value of C. arrived at from the slug flow dam. For
example, the second term in (33) influences the value of <a>
by less than 10%. Thus using the ooaect value of Co is critical.

CONCLUSION

A microgravity two phase flow experiment has been
developed to ident;fy the flow pe_ present mid measure
pressure drop, void fraction, liquid film thickness and bubble
end wave velocities. From this data. models have been
proposed to indict void fraction, bubble and slug velocities,
pressure drop and the location of flow peuznm urensitiom ms
the flow pattern raps. AddidonM eaxporimenm are _ m
rot'me these models.

NOMENCLATURE
A"

B:
C:
C.:

D:
F:
f:
f_
fi:

t.:
h:
n:
P:
Re:
Re.o:
ReL:
Rzrp:
u_
uos:
UL:
u.:
uM:
um:
v_
X:

Cross sectionalarea of the test soction [m_]
Consumt def'med by equation 01)
Blasius equationconsume
Radial void distribution coefficient
Test section diameter [m]
Any local quandty varying with radial posidon
Fanning _ction fw.tor
Gas phase Farming h'iction factor
Imerfacial Farming fri_on factor
Two phase Farming fi'iction factor
Wall Fanningfriction factor
Local liquid film thi_ [m]
Blasius equadon consmm
Pressuret'Pi]
Reynolds number
Single phase gas Reynolds numbez
single phaseUqmdR_o_ number
Two phase mixmru R_ynolds
Local gas velocity [m/s]
Superficial gas velocity [m/s]
Local liquid velocity [m/s]
S_rfici_ liquid velocity [m/s]
Local volumetric flux [m/s]
Sup_cial volumetric flux Ira/s]
Net _ veloc_ of the gas [m/s]
Axial disumce along test section [m]

a: Void fraction
,: Ammlar frimion factor eahanmmeat from ex_
t,L: Liquidvlscosity[oi
vo: Gas kinmnmicviscosity[mS/s]
vc: Liquid_ _ (0/,)
Po: Gas density[ks/ms]
PL: L.kluid &nsi_ [kg/ms]
0u: Twe plumemixuuedmslty[ks/ms]
OL: Liquidmrfffi=tuion [dyne/an]
't,: Intedscial sl_.r sums [Pa]
%: Wall sbem"sUc._s [Pa]
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